In this paper, we examine the impact of interest rate risk factors on the interest rate derivatives (IRD) usage by commercial banks in India. We focus our analysis during the period 2008-2010. We have taken this period to highlight that during and after global financial crisis, what were the main factors that influence the interest rate derivatives usage by Indian commercial banks. We have used simulation analysis and regression analysis to identify the interest rate risk factors. Using Tobit fixed effect analysis, we are able to provide empirical evidence that interest rate risk drives the derivatives usages by Indian commercial banks. Our results indicate that asset size, the impact of interest rate shock on equity capital are positively related to use of derivatives for hedging as well as trading and interest rate sensitivity factor is negatively related to the use of derivatives for hedging and trading. New generation private banks have relatively large exposure to derivatives for trading purpose.
Introduction
Interest rate risk is one of the core risks in banking books that banks have to accept and take the profit out of them. After credit risk, interest rate risk is an important risk that requires crucial attention and mitigation measures. A sudden and significant shock in interest rates can create a significant asset-liability mismatch in banking books and can eat away the major portion of bank's equity capital which in turn can push the bank to the verge of bankruptcy.
The balance sheet approach and interest rate derivatives usage approach are the two major approaches used by banks to mitigate the impact of interest rate fluctuations. The former is linked with the repricing of maturity profiles of in- 
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terest rate sensitive assets and liabilities of the bank's balance sheet. The later is linked with hedging the interest rate risk by using interest rate derivatives. Banks generally deals in derivatives for balance sheet management and market making purposes where the bank offers derivatives services to its customers to hedge their risks. As per RBI guidelines, the Indian banks can deal in interest rate derivatives for hedging fixed rate, floating rate or foreign currency assets/liabilities.
Interest rate derivatives comprise of interest rate swaps (IRS), forward rate agreements (FRAs), interest rate futures and foreign currency interest rate swaps.
On the other hand, Indian banks can also deal in currency derivatives which include instruments like forwards, foreign currency swaps, foreign currency-rupee swaps, cross currency options, and foreign currency-rupee options. Indian banks are having exposure to interest rate derivatives and currency derivatives for both hedging as well as trading purposes. Table 1 gives the summary statistics of interest rate derivatives and currency derivatives used by Indian banks for hedging and trading purpose in March 2010. The average interest rate derivatives used by Indian banks for the trading purpose is about 12 times the interest rate derivatives used for hedging purpose. Also the aggregate interest rate derivatives exposure is about 3 times the aggregate currency derivatives exposure. The comparison of mean and median values clearly presents that large banks are having huge significant exposure in derivatives. Table 2 Notes: Trading includes the banks using derivatives for trading purpose. Hedging includes the banks using derivatives for hedging purpose. Trading/TA measures the ratio of derivatives exposure for the trading purpose to the total asset (measured for the individual bank). Similarly, Hedging/TA measures the ratio of derivatives exposure for hedging purpose to the total asset. Source: Bank's annual reports and author's computation. in the case of saving bank accounts, the depositor has the option to withdraw money anytime from his account. This paper attempts to test the important interest rate risk factors as possible determinants of interest rate derivatives usage for both hedging and trading purposes in banks. The first and second part of the analysis deals with the extraction of interest rate risk factors from raw data. This will use two-factor regression analysis 5 and simulation analysis 6 . The third part uses these two interest rate risk factors and variables representing bank's characteristics as possible determinants of interest rate derivatives usages by banks. Our results indicate that the interest rate risk factors are significantly impacting the use of interest rate derivatives by banks.
The remainder of the paper is organized as follows. Section 2 reviews the literature and includes the hypothesis, section 3 describes the data, variables, and sources of data used in this study, Section 4 describes the econometric methodology and empirical results and discusses the main findings of our study. Section 5 presents conclusions.
Literature Review
Flannery & James [3] investigate the impact of the interest rate changes on common stock returns and maturity composition of 67 actively traded commercial banks and stock savings & loan association's (S & Ls) for a period 1976-1981 and find that fluctuations in interest rate significantly impacts the maturity composition of a firm's net nominal asset holding. Booth & Officer [4] examine the impact of expected interest rate (3-months and 6-months T-Bill rate) sensitivity on the equity returns of 66 banks and holding companies stocks relative to stocks of 66 non-financial firms during the period 1969-1976 and conclude that there is significant impact of random changes of short-term interest rates on returns of banking stocks and bank holding companies stocks. Choi, Elyasiani & Kopecky [5] consider both interest rate (monthly average of daily returns on 3 months T-Bill) and exchange rate (trade-weighted multilateral foreign exchange value of the dollar against a basket of currencies) risk factors and study their impact on the sensitivity of 48 US banking institutions stock returns for a period from January 1975 to December 1987 using multifactor index model. To remove multicollinearity, Choi, Elyasiani & Kopecky [5] use standard orthogonalization method. Results indicate that the negative significant impact of the exchange 5 The dependent variable is individual banks returns and independent variables are market index returns and interest rate returns. rate (innovations) on bank stock returns for a period prior to October 1979 and positive significant impact for a period thereafter. Shanker [6] empirically investigate the impact of the use of interest rate derivatives on the interest rate risk of the commercial banks by using weekly stock returns and stock market returns during the period 1986-1993 and find that use of derivatives by banks are significantly reducing the interest rate risks of the banks. Patnaik & Shah [7] proposed a two-step process to study the interest rate risk of the major banks of India for a period from 01/04/2000 to 31/03/2002 and find that Indian banks are significantly sensitive towards change in interest rates by using both accounting as well as market data. The first step consists of estimating the impact of interest rate shock (of 320 bps) on equity capital of banks. The second step consists of measuring the sensitivity of bank stock prices to the changes in interest rates. Results show that most of the banks (33 of 42 banks) can gain or lose around 25% of the capital due to 320 bps move in the yield curve. Carter, Simpson & Tandon [8] investigated the effect of managerial incentives on the use of interest-rate derivatives by 279 U.S. bank holding companies for a period 1996-2000 and find the significant importance of managerial incentives (which is directly linked to the profitability of the bank) on the usage of interest rate derivatives. Purnanandam [9] investigate the impact of bank characteristics and macroeconomic shocks on the interest rate risk management behavior of commercial banks by using a data panel of 8000 banks during the period 1980-2003 and find a significant impact of bank characteristics on derivatives usage volume. Nachane & Ghosh [10] investigated the determinants of off-balance sheet activities in the Indian banking sector by using data of 90 banks during the period 1996-2004 and concluded that the bank-specific factors, regulatory factors, and general macroeconomic conditions significantly impact the off-balance items. Saha, Subramanian, Basu & Mishra [11] propose a simulation-based driver-driven approach by using weekly data of 45 different interest rate series and rate sensitive gap data of 11 Indian banks to estimate the impact of interest rate volatility on the networth of Indian banks for a period from 2002 to 2004 and find significant interest rate risk in banking books due to duration mismatch.
In this study, we are looking for two additional factors (Interest rate risk factors) that impacted the interest rate derivatives usage by Indian banks during and after global financial crisis. We have documented in this paper the way to extract these two interest rate risk factors and analyze their impact on derivatives usage.
Data & Data Sources
The sample under study uses data on 39 Indian commercial banks 7 listed on In- 
Methodology & Results
We have used a three step approach in this study. In first and second step, we will show the methodology of extracting interest rate risk factors. The third step deals with the use of extracted interest rate risk factors and banks characteristics to observe if interest rate risk factors impact the interest rate derivatives usage.
Estimation of Interest Rate Sensitivity (Beta) Factor
In the first step, we estimate the interest rate sensitivity factor as one proxy for interest rate risk. Table 3 presents the variables definition for the analysis.
The monthly returns of each security have been calculated as follow:
where P i,t represents the price of stock i at time t and P i,t−1 represents the price of 8 Size, Liquidity, Credit risk, Capital adequacy ratio, Profitability and Asset structure, Market capitalization. 
where α i = Constant. β m = Market index sensitivity factor. ε it = Error term.
To study the impact of interest rate returns on stock returns, the model in (1) can be modified by adding interest rate return as an additional factor. The modified model is given as: Table 4 presents the results of market interest rate sensitivity analysis. Results
12
Equally weighted return regression model can help in examining the average impact of interest rate changes on stock returns of the firm. We have performed equally weighted return analysis for all banks as well as for the groups (IRD users for hedging, IRD users for hedging and trading and IRD non-users). If 1 2 , , , n r r r  be the returns of n banks at certain point of time, then equally weighted return of banks is given by: - show that the banks not using interest rate derivatives are positively and significantly impacted by the changes in interest rate returns. Banks using interest rate 
Estimation of Impact of Interest Rate Shock on Equity Capital of Banks 15
The idea behind simulation is to use accounting data to generate different scenarios to find the impact of interest rate changes on bank equity capital. Different scenarios of the yield of funds and cost of funds are generated by using historical accounting data. Table 5 We have used the yield on funds to discount the asset side and cost of fund to discount the liability side of the maturity buckets of banks.
The simulation process includes the computation of the rate of change of yield on funds (Δr y ) and rate of change of the cost of funds (Δr c ) for all the given scenarios in the study to find the possible next period interest rate changes. We then compute the NPV of assets and liabilities in maturity bucket by discounting the exposure to respective discount rates. We first find NPV of assets and liabilities on March 31, 2010, and we supposed this time as time 0.
14 Equally weighted returns. 15 Second interest rate risk factor for further analysis. 16 5 th percentile result of the simulation analysis. ( ) ( )
A shock of 200 bp is given to present yield on funds and cost of funds to find the impact of such shock on equity capital of bank by the same procedure as explained above. 
PROFITABILITY
Measured by the ratio of profit after tax (PAT) to total asset PROWESS ASSET_STRUCT_1 Asset structure, measured by the ratio of total loans and advances to the market value of equity PROWESS ASSET_STRUCT_2 Asset structure, measured by the ratio of total deposits to the market value of equity PROWESS MARKET_CAP Measured as a ratio of market value of equity to total asset PROWESS
INT_RISK_1
Interest rate risk, measured by the beta sensitivity of the interest rates (derived from regression analysis (Dependent variable is bank's returns and independent variables are market returns and interest rate returns)
Based on regression results
INT_RISK_2
Interest rate risk, measured by ΔE Based on simulation results The general Tobit model is structured as follows:
Determinants of Derivatives Usage
where i x′ being a matrix of explanatory variables where each column represent one explanatory variable. β is a vector of parameters to be estimated. σ is a scale parameter. The scale parameter σ is identified in censored regression models and is estimated along with β.
In Tobit model, the observed data are given by: Hence the data is left censored at 0. The β parameters are estimated using maximum likelihood estimation method.
We examine the possible factors motivating the notional interest rate derivatives exposure using the following general model:
, interest rate risk variables) 
Model 3 specification is given by: 
Similarly for the motivation for total interest rate derivatives usage, the dependent variable for all models is IRD_TOTAL. Same explanatory variables 22 are taken for total derivatives regression analysis.
Model 1 specification is given by: 
Model 3 specification is given by: The explanatory variables used in Equations (1)-(3). Notes: z-statistics are in parentheses. *10% Significance level. **5% Significance level. ***1% Significance level.
Conclusion
In this study, using simulation and market interest rate sensitivity analysis, we examine the determinants of interest rate derivatives usage by all Indian commercial listed banks. Our results elucidate that in addition to bank-specific characteris- 
